Plastics are being preferred in almost all possible applications of materials. Several new applications including optical devices are being developed using plastics replacing conventional materials like inorganic glass etc. For the optical applications, the most important properties of plastics essential for their desired performance include refractive index, Abbe number, optical clarity, etc. The biggest challenge in developing suitable materials for optical applications has always been to meet the criteria of high refractive index along with a high Abbe number. Normally, if the refractive index increases, the Abbe number automatically decreases. The researchers have tried several approaches to deal with this typical challenge without which it is not possible to develop novel optical plastics. Presently the most popularly known optical plastics includes polymers such as polymethacrylates, polyurethanes, polycarbonates, polystyrene and diethylene glycol bis allyl carbonate. The latest material of high refractive index plastics with a refractive index of 1.67 belongs to the polythiourethanes chemistry. Several approaches are being tried world over, to develop materials of high refractive index. One of the approaches being pursued for enhancement of refractive index of existing monomers pertain to the incorporation of metals or metal salts in the matrices. The other commonly tried but difficult to achieve approaches pertain to the preparation of nanoparticles or nanocomposites.
Introduction
It was a century ago that polymers (plastics) were invented. In the last five decades, polymeric materials have found their way to virtually every application of modern materials replacing conventional materials like metal, wood, glass, etc
The extraordinary combination of performance, over an extended period of time and processing flexibility allows plastics to be used in numerous applications ranging from inexpensive disposable items to expensive and long-lasting components.
It is quite evident that many of the products, equipments or devices have become possible; thanks to the development of various types of plastics including engineering plastics. Today, for any new requirement, one looks for a suitable plastic material. If necessary, modified plastics or plastic-composites are being developed to meet the performance criteria of any given application. This review paper covers the following topics:
History of polymers Optical polymers
Metal-polymer composites for use as optical materials Approaches to metal-polymer composites Nanocomposites as a preferred material for optical applications
History of polymers
Until the 19th century, man's home, tools, furniture, etc. were made from a variety of conventional materials like metals, stones, wood, glass, ceramics, etc. During the last 100 years, developments of two types of unique materials such as rubber and plastics have helped mankind to extend its activities [1] [2] [3] [4] [5] [6] . Major growth period of the plastic industry has mainly been from 1930. By 1900, the only plastic materials available were shellac, gutta-percha, ebonite and celluloid. Shellac was used in early molding compounds, mainly for small picture frames. These products tend to become brittle with age and yet they remained in use for radio and electrical components until 1940 for (assumed) dielectric properties. It is still used in expensive art varnishes. Gutta-percha, a natural gum extracted from trees in Malaysia was introduced in 1843 to the cutlery manufacturers in England, to mould knife handles which come into wide use from 1850 onwards.
In the second half of the 19th century, formaldehyde polymers were discovered. In 1872, phenols and aldehydes gave new resinous substances for use in electrical insulation. In 1931, acrylic monomers could be polymerized into transparent solids. This was a handy discovery but many years of effort went into developing a commercial product. Like many plastics, a viable source of bulk monomers took time to emerge. The versatile vinyls appeared in every form from toothbrushes to book bindings and were first injection molded around 1937. The rubber-like structure of the polymer in 1929 resulted in polyvinyl chloride (PVC) compounds widely available after 1938.
In 1933, molding compounds, based on melamine resins, were developed from commercial processes for melamine synthesis. The new molded compounds, which produced articles with superior chemical resistance, good electrical characteristics and required no special alteration to compression molding techniques, were produced during the World War-II. Later on, they became very popular for use in kitchenware and other household appliances. The great expansion of thermoplastic materials after 1950 was due to the availability of low cost quality resins and compounds. Materials such as polystyrene (PS), polyvinyl chloride (PVC), polyethylene (PE) and polypropylene (PP) gained a significant market replacing traditional materials such as timber, glass, ceramics and steel. Unplasticised polyvinyl chloride (uPVC) progressively became a major commodity resin after 1958 for use in pipes for water services replacing cast iron systems.
Formaldehyde already had a history of association with the development of long chain polymers as a very reactive chemical. The commercial success of melamine encouraged experimentation and this played a significant role in the development of engineering plastics when the science of polymer chemistry was better understood. Constant improvement of processing equipment for processing thermoplastics -film blowing, sheet casting, pipe and profile extrusion, injection molding, blow molding, dough molding, rotational molding and centrifugal casting is a feature of the industry. At the same time, developments leading to the introduction of new types of polymers on a regular basis occured in laboratories around the world. From the last two decades, the process technologies for composite products based on cold setting or re-active resins have been the major area of focus for material scientists all over the world. Further the aim has been to develop processes that can be used for high volume production. Composites involving inorganic materials and organic polymers have become a subject of intense interest because of the fact that a composite exhibit better electrical, optical, catalytic and mechanical properties than the individual neat polymer [7] [8] [9] [10] [11] [12] [13] [14] [15] . This is due to the quantization effect of the dispersed particles; the particles showing this effect are often designated as Q particles [16] . They are, basically, the materials made out of a combination of two or more materials to form desired structures so as to take advantage of the synergistic effect by which the desirable properties of one component complement those of the other. Composites always have two phases: one of them being the dispersed phase or the load-bearing phase while the other one is the dispersing phase or the load-transferring phase. The dispersed phase is also called as reinforcement as it is always hard and brittle providing strength to the composite. The dispersing phase, also known as the matrix is soft and ductile.
Tab
A few notable developments describing the evolution of polymer composites are presented in Table 1 .
This knowledge has been used for the development of various types of composite materials involving complementary components.
A composite may be the only effective vehicle for exploiting the unique properties of certain special materials which is evident from the developments listed in Table 1 . Structural polymer based composites have been gaining popularity in advanced applications such as aerospace, automotive, armed & ammunition industries. This is mainly because polymer composites have high specific properties compared to traditional materials such as metals. Glass fiber and aramid-fiber reinforced composites are used where a structural component needs to have good damage-tolerance and impact-resistance characteristics.
Designing composite materials is not always as easy as it appears to be mainly because of the fact that one has to deal with completely different materials to bring them into one cohesive structure to deliver the desired performance from a cohesive composite material. To create compatibility amongst the materials of totally different nature becomes complex in the case of polymeric materials. The polymer blends and polymeric composites are physical mixture of two polymers held together by secondary physical forces, either van der Waal forces, dipole-dipole interactions or H-bonding. Polymer composites offer tremendous versatility by combining two or more materials on a submicroscopic, microscopic and even at macroscopic level to obtain properties, which are not available for the individual component. As a result, composites are always in demand for a much greater variety of applications. Epoxies, polyesters, phenolics, silicones and polyimides have been the most widely developed composites. Polymer blends and composites allow controlled manipulation and optimization of properties. Rigid plastics have been used to stiffen elastomeric materials like rubbers. Adhesives, sealants and coatings are often been based on blends of polymers.
While there are numerous examples of polymeric composites for various industrial applications, composites for optical applications is relatively a new area and not much work has been done on the development of plastic composites for optical applications. All the development work, so far, has been dedicated to the modification of inorganic glass materials using metal and metal salts. Optical polymers are desirable materials for telecommunication devices such as optical waveguides, due to the fact that optical polymers such as polymethylmethacrylate (PMMA) are highly transparent at all key communication wavelengths of 633 nm, 840 nm, 1310 nm and 1510 nm [17] . The doping of polymers with rare earth compounds such as Europium for applications in optical waveguides has been extensively studied [18, 19] . An increase in refractive index is observed as a result of dipole orientation in polymer base composites which leads to an increase in the refractive permittivity of the polymer and enhances the refractive index. If certain metals are known to improve the optical properties of glass, why then they cannot do so for plastics, is quite an obvious curiosity! If the composites involving metal or metal salts with plastics can be developed, they will provide a range of materials with unique features and performance. In order to make it happen, the idea was tried [20] to check the feasibility and the success of this attempt creating the possibility of a new range of composites for optical applications. This will generate interest for research work on metal containing polymers for optical applications.
Optical plastics
Glass, a chance discovery of the 14 th century, has been the natural inorganic material of choice for optical applications due to its excellent clarity and hardness. The limitations of glass for optical applications in terms of processability and heavy weight raised the need for alternative materials such as polymers. The criteria for optical applications in terms of refractive index, light transmittance, Abbe number and optical clarity are met by a wide range of polymer materials based on polyacrylates, polycarbonates, polythiourethanes, polythioacrylates, etc. Certain polymer materials such as polycarbonates and polyurethanes have been found to be suitable for external applications such as spectacle lenses, etc. [21] . Polymer materials have the natural advantage of being lightweight and easily processible as compared to glass. Materials such as polyacrylates are injection moldable and therefore they are considered suitable for non-precision optics while materials such as polycarbonates and polythiourethanes are cast moldable and found to be suitable for precision optics. The easy processibility besides the inert nature of optical polymers has made possible the development of devices such as contact lenses (daily wear disposables and extended wear) and intraocular lenses (IOL) of both types i.e. rigid and foldable. The bio-compatibility of certain polymers such as poly 2-hydroxy ethyl methacrylate (pHEMA), poly vinyl pyrrolidone (PVP), poly vinyl alcohol (PVA) etc. provides a better option for in-vivo applications [22] .
Tab. 2. Advantages and disadvantages of optical plastics.

Advantages Disadvantages
Easy processibility, molding or casting Properties depend on temperature and humidity Low density Very low thermal conductivity and very high specific heat Good impact resistance Low transparency and poor thermal stability Refractive index and Abbe number can be adjusted Poor resistance to scratch Optical plastics are inherently limited to visible light appearance. Most optical plastics begin to absorb in the blue portion of the visible spectrum and have absorption bands at 900 nm, 1150 nm and 1350 nm; they become totally opaque at about 2100 nm. The similarity in the absorption spectra of most optical plastics can be attributed to the similarity in their molecular structure. Exceptions however, do occur in the blue and UV portion of the spectra. In general, optical plastics have lower refractive indices than optical glass. The variation of refractive index with temperature can range from 6 to 50 times greater than that of glass depending on the specific materials being compared.
The Abbe number, a commonly used parameter to describe the ratio of refractivity to dispersion, varies from 30 to 55. A high value of Abbe number indicates more nearly equal refraction at all wavelengths and thus less chromatic aberration in a lens [23] [24] . Table 2 describes the advantages and disadvantages of optical plastics.
Even though optical plastics have a lot of advantages, the limitations pertaining to the optical properties e.g. refractive index and Abbe number besides the poor resistance to scratch are the major challenges for material scientists. The refractive index of polymer materials developed so far lies in the range of 1.30 to 1.70 [25] [26] [27] .
To meet the challenges of having optical plastics with improved properties, both homopolymers and copolymers have been tried. Co-polymers offer greater flexiblity of optical properties such as refractive index, light transmittance and Abbe number, than the homo-polymers. However, beyond a certain limit of cross-linking, co-polymers start to loose their optical properties by turning into opaque materials. Based on the refractive index, plastic materials developed so far can be graded into three categories, i.e., low refractive index (< 1.5), mid refractive index (1.5 to 1.6) and high refractive index (>1.6) plastics. The challenge therefore, lies in the development of alternative materials with better properties for optical applications [28] [29] [30] [31] [32] [33] [34] [35] [36] .
The polymeric backbone generally consists of C, H, N, O and S atoms along with halogens such as chloro, bromo and iodo [37] [38] [39] [40] [41] . Unsaturated acids and systems such as divinyl benzene, styrene and phthalic acid have also been used to produce high refractive index plastics [42] [43] . Replacement of the acid by the salt and depending upon the extent of dispersion, transparent or non-transparent films can be obtained. Theoretically, it is possible to develop high refractive index polymers from monomers containing several halogen groups but the fact is that the halogen compounds are extremely difficult to synthesize and process into polymers.
The incorporation of aromatic rings containing chloro, bromo or iodo groups can increase the refractive index of the system. The synthesis of such compounds is extremely difficult and expensive. Bromo, iodo and chloro groups normally lead to color in the polymer thus restricting their use for optical applications. Introduction of heavy metals that have high polarizability and low ionic radius (like barium, lead, lanthanum, strontium, etc into polymer materials has been traditionally used to increase the refractive index values [44] [45] [46] [47] [48] .
Refractivity is determined by the polarizabilities of the combined groups in a molecule. For obtaining a high refractive index, the requirements are high mean polarizability and low molar volume. It is well known that the refractive index of a polymer depends on the polarizability of the macromolecule; movement of electron cloud of the atoms forming the macromolecules [28] [29] [30] [31] [32] [33] [34] [35] [36] . Based on molar refraction and molar dispersion, sulfur and oxygen containing polymers have high refractive index and Abbe number values [49] [50] .
Substituents having high polarizabilities over a large atomic area such as sulfur, phosphorous, bromine, chlorine and iodine tend to have high refractive indices. Bulky, conjugated aromatic substituents, particularly hetero-aromatic substituents, such as carbazole have high refractive indices. Carbazole based polymers [51] [52] [53] [54] [55] [56] are reported to have good optical properties and ease of processing.
On transition from one hydrocarbon polymer to another, the polarizability does not change much and hence, the refractive index remains unchanged unless groups of high polarizability are incorporated in the polymer backbone. Very few polymers have a refractive index close to 1.70.
A range of monomers with functional groups of varying refractive index have been exploited for achieving a high refractive index. The major ones are listed in Table 3 [57] [58] [59] [60] [61] .
Amongst the optical plastics in use, the most popular is the one based on diethylene glycol bis allyl carbonate with a refractive index of 1.49 and for the last fifty years no other polymer has been able to dislodge it from its place in the market. As can be seen from Table 3 , poor scratch resistance is a typical feature of all common optical polymers mainly due to the inherent softness of the polymeric material. The incorporation of inorganic fillers in the polymer matrix is expected to increase the hardness. In fact, a range of inorganic fillers are used to produce polymer composites and polymer blends for several industrial applications [62] [63] [64] [65] . This has only been restricted to improvements in the hardness of the polymer for applications other than optical ones. If this can be extended to bring improvements in the optical properties, it will be a welcome development for optical industries in the world.
Metal-polymer composites for use as optical materials
Metals can be promising candidates for the preparation of metal-polymer composites for optical applications because of their favorable electronic characteristics which are responsible for high refractive index ( Table 4 ). The blending of inorganic metal particles and organic polymers can form new materials with unique properties, significantly enhanced over those of either the inorganic or the organic phase alone [66] .
Let us understand this subject better by looking at the refractive index of various metals as given in Metal matrices offer high temperature stability, strength and stiffness if incorporated in polymers. 
Substance
Refractive index 
Approaches to metal -polymer composites
The fabrication of metal-polymer composites consisting of metal and polymer can be done by adopting the following approaches:
Preparation of polymer in the presence of metal compound
The polymers commonly used for optical applications such as polyacrylates and polycarbonates have been used for the preparation of metal polymer composites with enhanced optical properties. Metal-acrylates have been successfully synthesized by bonding barium metal to the acrylic monomer [20] [21] . Niobium has also been used as a very promising material for optical applications. Considerable work has been carried out to develop nanocomposites of Diallyl carbonate by the dispersion of metal atoms. Diallyl carbonate, a low refractive index material has been converted into a high refractive index material by the dispersion of 0.05-3.0 % of niobium to obtain a refractive index of 1.70 as compared to 1.50 without niobium [70] [71] . Niobium has been dispersed in polyacrylates such as polymethylmethacrylate (PMMA) to obtain high refractive index compositions suitable for applications such as spectacle lenses, airplane windows, automobile windows and for medical applications such as tooth fillings. By dispersion of niobium in PMMA, apart from an improvement in the optical properties, conductivity also increases. Niobium containing PMMA with a high refractive index is useful for plastic lenses. The refractive index of PMMA increases from 1.49 to 1.68 by adding 0.2-3% niobium [72] .
Moisture resistant and highly refractive polyacrylates having a refractive index of 1.515, Abbe number of 56 and transmittance of 92.0% have been developed by the dispersion of metals such as barium in a mixture of methacrylic acid and aromatic carboxylic acids [73] . Metal compounds such as hydroxides, oxides, carbonates, nitrates and acetates of barium have been used to develop high refractive index compositions (1.63) containing a mixture of acrylic acid, methacrylic acid and co-monomers such as hydrocinnamic acid, chlorostyrene, styrene and HEMA. A novel and simple methodology for the dispersion of metal salts of barium, lead and lanthanum has been used to develop metal containing polymers.
Lead dimethacrylate is co-polymerized with styrene and methacrylic acid to obtain optical resins with good visible light transparency, high refractive index and good thermal stability [74] . Metal salts of barium, lead and zinc have been dispersed in organic acids such as acrylic acid and methacrylic acid, to prepare optically transparent compositions with low optical loss and suitable for optical fibers. A refractive index of 1.592 was obtained with barium oxide, 1.421 with zinc oxide and 1.463 with lead oxide [75] .
Hydroxides of barium, lead and lanthanum have been used to prepare high refractive index resins of 1.56-1.59 by thermal polymerization in the presence of cinnamic acid, itaconic acid, maleic acid, etc. [76] .
During the preparation of the polymer in the presence of a metal compound, the latter remains as it is in the polymer. This method does not allow the introduction of metal into the polymerizing system due to the limited solubility of metal compounds in the initial monomer.
Metal containing monomers
Use of metal containing monomers is limited due to the difficulties faced in the synthesis of initial monomers. The addition of metal directly into the unsaturated acid leads to the formation of salts whose polymerization leads to the formation of transparent compounds with high refractive index.
Metal containing monomers such as monomethyl lead itaconate has been used to prepare transparent and hard polymers having a refractive index of 1.60 and light transmittance of 93% [77] . Coordination complexes of metals such as Neodymium, lanthanum and platinum were used to prepare transparent plastic materials suitable for optical applications such as sunglasses, due to selective absorption of a specific wavelength of light [78] .
Incorporating metal nanoparticles in various matrices
The advantage of using nano particles, of the order of less than 100 nm, is the incorporation of less percentage of the metal into the polymer matrix to achieve a high refractive index. This is due to the fact that small particles prevent scattering of light in the polymer matrix. One of the most interesting aspects of metal nanoparticles is that their optical properties depend strongly on the particle size and shape [79] [80] [81] [82] . Noble metal particles are especially interesting because of their unusual optical properties which arise from their ability to support surface plasmon of conducting electrons, the frequency of which is not only determined by the nature of the metal but also by the particle size and shape [83] [84] [85] .
Nanocomposites as a preferred material for optical applications
While polymeric organic materials can be usually processed at low cost and have good tensile strength, their refractive index and dielectric constant are low. Many inorganic materials exhibit both a high refractive index and dielectric constant but are difficult to process, being heavy, brittle and expensive [86] . Metal-polymer composites can only be exploited commercially using the advantageous properties of both the metal and the polymer if they can be made optically transparent. This has been made feasible through the preparation of nanocomposites.
Nanocomposites are derived from ultra fine inorganic/organic particles that are dispersed in a matrix homogeneously [87] . Some nanoparticles can change the optical behavior of the polymer [88] . It means that a polymer component with excellent optical property, flexibility and toughness could improve the brittleness of inorganic particles and besides, inorganic particles could increase the strength and modulus of the polymer [89] [90] . It has been shown that nanocomposites of polymers and inorganic materials may exhibit optical properties that cannot be obtained with true polymers alone [91] [92] [93] [94] . Nanoparticles are the most ideal materials to make transparent nanocomposite structures having high refractive indices. Scattering of light by materials having dimensions in the nanometer range embedded in a polymer matrix is significantly reduced compared to related composites comprising particles of larger size (50-100nm) [67] .
Nanocomposites of thiourethane and zinc sulfide and having a refractive index of 2.36 at 620 nm have been used in lenses for excellent abrasion resistance, film processability and good optical quality [95] [96] [97] .
Using nanoparticles, refractive indices over an entire range of 1.0 to 3.0 can be obtained. The color, extent of light scattering and refractive index of metallic nanoparticles can vary with the particle diameter, environment and inter-particle distance. The large or strongly aggregating particles strengthen light scattering in the polymer that may enhance the electro-optical contrast. In turn, the small and weakly aggregating particles modify the effective refractive index of the polymer phase without producing any noticeable optical inhomogeniety [98] [99] [100] .
Transparent polymeric materials can be coated with surface layers of UV absorbing nanoparticles to inhibit degradation of the polymer. The technological challenge in creating near transparent, high refractive index, organic/inorganic nanocomposites lies in the creation of nanoparticles in the size range of 20nm to 40 nm, to produce high refractive index nanoparticles. Lead sulfide, indium phosphide, gallium phosphide, germanium and silicon particles in a gelatin matrix have been prepared in this way [101] [102] [103] .
Particles useful for nanocomposites are prepared by a variety of techniques ranging from mechanical attrition to colloidal processing [104] [105] [106] [107] [108] [109] . Mixing or spin coating and casting a suspension of nanoparticles in appropriate organic solvents can be used to prepare nanocomposites. Reverse micelles technology has been used to prepare UV curable, transparent, acrylic resin and titania compositions by controlled hydrolysis of titanium tetrabutoxide [110] .
Many methods have been developed for the fabrication of polymer nanocomposites [111] [112] [113] [114] [115] [116] [117] [118] . Loading silica-based hosts with different particle sizes, one can tailor make refractive index, increase the scratch resistance or enhance the optical properties [119] [120] [121] [122] . Hafnium dioxide is transparent over the range from 300 nm to 10 μm and exhibits a high refractive index of about 1.95 at 1000 nm [123] .
Lead is another metal, which has been widely used for optical applications due to properties of high refractive index. Lead sulfide has an intrinsic refractive index of 1.71. [124] [125] [126] . A decrease in crystalline size shows a progressive change from black to brown.
Co-precipitation of metal salts alongwith the polymer is a useful method to prepare metal polymer composites. Nanocomposites of lead sulfide-polyethylene oxide having a refractive index of 3.0 and containing 99% w/w of nanoparticles of lead sulfide [2-40 nm] have been prepared in this way. Polyurethane films with an enhanced refractive index of 1.51 to 1.56 have been obtained by using lead and barium as curing agents. Here, the mass by weight of the metals was approximately 10%. One of the possible reasons for such low refractive index values may be the small amount of metal that is to be introduced into the system for getting the metal -containing films. Polyimide/ silica hybrids have been prepared by the dispersion of tetraethyl ortho silicate (TEOS) in a range of 0-22.5-wt %. The SiO 2 phase was well dispersed in the polymer matrix [127] .
The high refractive index of TiO 2 (2.0) makes it a potential material for high refractive index materials. The high density of TiO 2 (>4) besides its highly inert nature makes it almost impossible to be dispersed in any organic matrix. In the past several years, there has been an increasing interest [128] [129] [130] [131] [132] in the fabrication of TiO 2 thin films because they present useful optical, electrical and chemical properties such as high refractive index [133] , high dielectric constant [134] , remarkable solar energy conversion [135] [136] and photocatalysis [137] . TiO 2 thus acts as an efficient optical filter [138] , anti-reflection film [139] , etc. Increasing the titania content in the hybrid nanocomposite thin films can significantly increase the refractive index to 2.38 [140] . The incorporation of nanoparticles of TiO 2 in polyvinyl alcohol upto 10.5 % (by volume) enhances the refractive index upto 2.38 as compared to 1.521 for the pure polymer [141] . Bismuth titanate nanoparticles have been dispersed in polyacrylate matrix to obtain composites having a high refractive index of 1.6, high dielectric constant and high optical transmission of 90% [142] [143] [144] [145] [146] .
Polymethyl methacrylate/ TiO 2 composites have been prepared by first dispersing TiO 2 particles in the solvent followed by addition of the mixture to the PMMA solution [147] .
Composites have been prepared with TiO 2 microparticles (above 1 micron) and TiO 2 nano particles (40 -150 nm); it was seen that composites prepared with nanoparticles had a higher photoluminiscence than composites prepared with microparticles. This property is useful for applications such as optical fibres.
Generally, nanocomposites are prepared by homogenizing polymer and nanosized metal powder [148] , post heating or calcining metal ion polymer [149] [150] , the vapor phase deposition of particles of noble metals onto polymer matrices [151] [152] and reducing metal ions in polymer gels [153] [154] . In these methods, the polymerization of organic monomer and the formation of nanosized metal particles are performed separately, so that the metal particles in the polymer matrix are not homo-dispersed. Transparent acrylic resin/titania organic/ inorganic hybrid films were prepared by controlled hydrolysis of titanium tetrabutoxide (TTB) in Span 85/ Tween 80 by reverse micelles technology and followed by in situ photopolymerization of acrylic monomers. Silver nano-particles of 10 nm stabilized by poly acrylic acid were cast into thin films using layer-by-layer assembly method [155] .
Process and processing conditions leads to variations in structure, particle size and optical properties of TiO 2 [156] . Composites with enhanced refractive index have been synthesized through a sol-gel method. A refractive index of approximately 1.70 [157] has been achieved with 75-wt% TiO 2 . This has been found to be useful for coating applications.
During reduction, the metal ions are embedded/ impregnated due to the chemical reduction of a metal from solutions or suspension of its salts. In this method, unbound metal is introduced into the polymer matrix. The reducer is added in an inert atmosphere at a molar ratio of ≥1:1 of reducer to the metal ion. Gold nanoparticles of sizes from about ~ 1.1 nm to 1.9 nm have been prepared in this way.
Polymer solutions of polyvinyl pyrrolidone, polyvinyl pyridine, polystyrene-vinyl pyridine co-polymer have been used to prepare nanoparticles. The particle size is influenced by the presence of functional groups in the polymer, molecular mass, composition and type of linkage in block co-polymers.
Dispersion of nano SiO 2 has been studied in many polymer systems [158] [159] [160] [161] [162] [163] such as polymethyl methacrylate, polypropylene, polystyrene, acrylic based polyurethane, poly hydroxy ethyl methacrylate. Several patents [164] [165] and papers deal with the encapsulation of metals [166] , metal oxide particles (SiO 2 , TiO 2 ) and other inorganic pigments [167] to give organic-inorganic hybrid dispersions, where the polymer shell is built in situ by means of conventional emulsion [168] [169] , mini-emulsion [170] [171] [172] and dispersed phase polymerization processes.
Gamma radiation is successfully used to prepare various metal [173] , metal oxides [174] , semi conductor sulfide and selenide [175] and metal/ polymer [176] and metal sulfide/ polymer nanocomposites [177] in many systems including aqueous solution, ethanol, ethylene diamine and water in oil emulsion. Since gamma rays can induce the formation of inorganic nanoparticles and the polymerization of inorganic monomers simultaneously under atmospheric pressure and at room temperature, inorganicpolymer composites such as metal/ polymer and metal sulfide/polymer composites can be obtained [178] .
Polyacrylic acid-metal nanocomposites have been prepared by irradiating a solution of metal ions (Ag, Cu, Ni) in acrylic acid monomer with gamma rays [179] . Organic monomers (acrylic acid) and metals were mixed homogeneously at molecular level. When the solution was irradiated in a field of 60 Co gamma ray source under normal pressure at room temperature, the formation of nano metal particles and the polymerization of monomers were performed in one step. Nanoparticles of metal oxides (4 nm to 20 nm) have been prepared and dispersed in organic matrices such as acrylates to form optical articles such as lenses having a refractive index from 1.60 -1.67 [180] .
While there have been a lot of efforts world over to meet the challenges, at Shriram Institute for Industrial research, Delhi, India has been successful in developing high refractive index plastics having a refractive index of 1.67.
The use of metal salts of barium, lead and lanthanum in glass to improve the refractive index of glass is well known; sparse literature is available regarding the use of metal salts in plastic matrices meant for optical applications.
